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Introduction
Leaf area index (LAI) quantifies the amount of leaf area bearing by tree or whole stand normalized by unit of crown projected or whole stand ground area (e.g. Norman and Campbell 1989) . It is one of the most important structural characteristic of a tree or forest stand due to potential of biomass production or health status evaluation and/or their prediction. LAI can be estimated using many experimental methods, which can be simply separated into four groups: (1) direct methods, (2) semi-direct methods, (3) indirect methods, and (4) subjective-evaluation methods (see reviews of Norman, Campbell 1989 or Jonckheere et al. 2004 . Defoliation is quantified in percentage, when in practice, evaluators of tree defoliation keep in their head a picture of fully foliated tree (100 %), i.e. with maximum LAI, and then they compare this picture, like an etalon, with the actual picture of a tree in a field. The results are based on subjectively evaluated defoliation, however, all evaluators are trained together, i.e. take into the head the same etalon. It is possible to presume that if the same group of evaluators will evaluate defoliation in a whole region or in a large forest area during a short time period with quite stable LAI values, the results are loaded with a systematic error and results are comparable. The above mentioned procedure is commonly used for evaluation of tree/stand defoliation and forest stands health conditions degree in the Czech Republic (Ministry of Agriculture of the Czech Republic notice no. 78/1996) .
Even if LAI is evaluated by an indirect method, which is based on canopy gap-fraction or transmittance of light quantification, obtained values are much more objective, accurate and widely comparable to other ones comparing to subjective evaluation of defoliation (DEF). It was the reason for health status revision of Norway spruce forests by some objective technique in forest region Nýdek in the Beskydy Mountains, where symptoms of declining, as yellowing, drying and dying of trees started to occur (Šrámek et al. 2008 ). Described situation differs from similar one in the Ore Mts. (Šrámek et al. 1999) as even young Norway spruce forests started to decline, especially in low vegetation zones (4-6) at appropriate soils (Šrámek et al. 2008) .
This contribution presents supporting data of LAI estimation by an indirect method in Norway spruce stands differing in age and health status, based on evaluation by ocular estimation of defoliation degree, expressed in percentage. The main hypothesis for the present work comes from a simple presumption of imperative relationship between LAI and defoliation of stand.
Material and Methods
All measurements were carried out on 17 selected even-aged stands with high representation of Norway spruce (Picea abies [L.] Karst.), located within forest district Nýdek in the Těšínské Beskydy Mountains (NE of the Czech Republic). For detail description of stands see Tab. 1.
There, Šrámek et al. (2008) analyzed the trends in development of climatic parameters in comparison with long-term normal period (1961 -1990 Tolasz 2007) . The increase in all monthly averaged temperatures about 0.5 °C was found, except September and November, during the last decennium. No trend for precipitation was found, however it exhibited high variability (from -6 % to +9 %). Average annual increment of precipitation during 1998-2008 was 0.5 % (0.9 % for a growing season). Significant drought periods were occurring since 1990, particularly in 2003. Norway spruce forest stands started to decline in coincidence to these droughts.
Sulfur dioxide (SO 2 ) and nitrogen oxides (NO x ) concentrations in atmosphere did not affect significantly forests health status in presented region. Contrariwise, detected high ozone (O 3 ) concentrations had the possibility to affect health condition of forest stands, but any visible symptoms were not occurred either on broadleaf tree species, which are much more sensitive to ozone influence than coniferous trees.
Leaf area index was estimated during three days long measuring campaign in the end of August 2010. The estimation of final hemi-surface LAI values was made by LAI-2000 Plant canopy analyzer (Li-Cor, Lincoln, NE, USA), based on verified methodology (Pokorný, Marek 2000) . Above-canopy readings were taken before and after the measurements of all points within transect in open plots near the stands. In the case of clear sky, the measurements were carried out close to sunrise and sunset, when the radiation readings of the first LAI-2000 ring sensor slowly changed from 3 to 30 and vice versa in the open plot. Below-canopy measurements with LAI-2000 were made about 0.5 m above the ground in young stands and about 2 m above the ground in old stands with 2-5 m distance between measurement points (the distance between points enhanced with increasing canopy homogeneity) on three representative transects across the plots. Transects were evenly distributed within the stand, perpendicularly oriented to tree-rows or along the level curves depending on stand structure. The length of individual transect varied from 30 m to 90 m depending on plot size. The measurements were repeated several times during full overcast or clear sky conditions. Correction scheme proposed by Leblanc and Chen (2001) was not necessary to use because direct sun rays did not reach top of the canopy. The 90° of azimuthal view was restricted in all measurements below low canopies to exclude the operator from the viewing area. The calculation of the effective LAI (LAIe; Chen 1996) from the LAI-2000 measurements was implemented by the PC program C2000.exe (LI-COR, USA) using the interpolation method of above-canopy readings (i) in case of clear sky, due to fluently changing radiation intensity, or using the time-closest above-canopy reading method (c) in case of overcast sky conditions, due to unevenly changing radiation conditions. All LAIe values were recalculated with the masking of the last two rings (i.e. 5th and 4th rings; 47-74° of zenithal view) to avoid underestimation of LAI due to large gaps between the whorls in the direction close to horizon. LAIe was than multiplied by a correction factor of 1.6 (Pokorný, Marek 2000) to obtain hemi-surface LAI (i.e. half of the total needle surface area normalized by the ground area). DIFN (Diffuse Non-interceptance ~ canopy openness) value, as a by-product of LAI-2000, could be used for forest homogeneity or canopy coverage quantification (see Table  1 ). DIFN quantifies visible proportion of the sky by means of a sensor (values ranging within interval 0-1; 1 -free area, 0 -full coverage, see LAI-2000 operating manual). DIFN is indirectly proportional to LAI (light transmittance method ~ gap fraction method; Gower, Norman 1991) .
We noted that it is impossible to accurately quantify LAI in stands with highly nonhomogeneous canopies, i.e. sparse and/or clumped resulting large canopy gaps. Therefore, only stands with rather homogeneous canopies were measured. However it is not theoretically suitable to use constant correction factor for stands of different age, mainly due to increasing proportion of stem and branch surface area to leaf area within the canopy (Chen, Cihlar 1995a, b) , we used correction factor of 1.6 independently on stand age as it was found appropriate for young (Pokorný, Marek 2000) as well as for old spruce stands (Gower, Norman 1991) . , LAIe of 3.13). It is well established that fast-growing tree species reach the maximum LAI at the age of 10 -15 years, whereas slow-growing ones at the age of 20-40 years or later (Long, Smith 1992 , Vose et al. 1994 , Vertessy et al. 2001 . Afterwards LAI fluctuates (in the case of fast growing tree species) around the naturally optimal (equilibrium) value, or it slowly decreases (in the case of slow-growing tree species) and remains constant. Battaglia et al. (1998) and Sonohat et al. (2004) (Bond-Lamberty et al. 2002) . Norway spruce falls among rather fast growing tree species as documented by reaching the maximum LAI at 15 year of age (Fig. 1) . Presented data showed a decrease in LAI values with increasing age of spruce stand. However, LAI values were corrected to extract an effect of defoliation, maximum LAI values of spruce stands decrease since 15-20 years of stand age as they become older (i.e. about 1/3, ca from 12.6 at 15 year to 8.5 of LAI at 120 year old spruce stand; Fig. 1a) . Defoliation was found increasing with stand age (Fig. 1b) . According to Ryan et al. (1997) leaf area index in even-aged stands undergoes gradually and after canopy closure declines continuously. Such dropping of LAI is usually associated with space competition that leads to self-prunning, decreasing stand density, increasing tree mortality etc. (Ryan et al. 1997 , Meng et al. 2006 , Pokorný et al. 2008 , or driving by ontogenetic changes in LAI of individual trees (Nock et al. 2008 ). Generally, it could be concluded that crown structure of trees develops as a result of the long-term interactions between tree ontogenesis, growth conditions and disturbances that cause defoliation, damage, dieback etc. (Ishii et al. 2000) . The decline of LAI could go in consequence of two phenomena: 1) decreasing density of live branches and the increasing density of dead branches (Ishii, Wilson 2001) and 2) decreasing production of needles and branches caused by low light, allocation of carbon and nitrogen following to reproductive onset (Thomas, Ickes 1995 , Leal, Thomas 2003 .
Results and Discussion
Relationship between LAI and stand age in Norway spruce stands has showed that LAI declines gradually with increasing of stands age (Fig. 1a) . This is in accordance with the results obtained by Homolova et al. (2007) , who found that LAI in Norway spruce stands declined with stand age (from 28 to 100 years). In accordance with this, Kantor et al. (2009) found that LAI in spruce and beech stands increased in the course of the whole time series (observed up to age of 21 years) of the stand development. On the other hand, research conducted in mature stands of beech (Fagus sylvatica L.), pedunculate oak (Quercus robur L.) and Scots pine (Pinus sylvestris L.), showed that stand age was important predictor of LAI only in case of pedunculate oak stands (Bequet et al. 2012) . The reason of this could be that individual dominant and codominant trees overcome the equilibrium LAI and invasion of competitive species is going up (Balandier et al. 2006) . Canopy gap fraction quantified by DIFN value varied in a wide range between 0.0065 and 0.0965 (Table 1) . This value reflected not only gaps in the canopy closure, but also gaps between whorls, especially in low parts of canopy under zenithal viewing angles near horizon. Theoretically as well as practically, strong relationship between LAI and DIFN values exists (LAI = -2.639 ln(DIFN) + 0.0033; r² = 0.998, n=17). Similarly, DIFN relates proportionally to defoliation (DEF; DEF = 12.588 ln(DIFN) + 63.605; r² = 0.83, n=17). The investigated stand/canopy densities respond to DIFN (on average 0.05 ± 0.04 (SE) with maximum of 0.15). The relationship between LAI and defoliation of spruce stands was found linear (Fig. 2.) .
To avoid an effect of stand density on the accuracy of LAI estimation and on the relationship between LAI and defoliation ( Fig. 2) , all the sparse stands, i.e. stands with stocking density below 0.9, were preliminarily excluded from our consideration. Therefore, the effect of stand density was eliminated. The highest standard error of LAI estimation was 0.48. The maximum and optimum LAI of young Norway spruce stands according to different stand densities were discussed in our previous study presenting the results from the long term monitoring of seasonal LAI dynamics (Pokorný et al. 2008) . Even changing stand density, LAI maximum did not overcome value of 12.5. Similarly, in presented data (Fig. 2) , the 15 year-old poor spruce monoculture reached the highest value of LAI (13.1; i.e. LAIe of 8.2). The accuracy of such indirect method for LAI estimation in comparison with the direct method for LAI estimation was discussed in a previous study about testing the accuracy of LAI-2000 instrument (Pokorný, Marek 2000) . The indirect methods in comparison with the direct ones for accurate LAI estimation failed in dense canopies consisting from coniferous tree species with LAIe over ca 6.0-6.5 (Deblone et al. 1994 , Cutini et al. 1998 , Bréda 2003 , or exactly over ca 7.9 in spruce forests (Pokorný et al. 2008) . Therefore, indirect method for estimation of LAIe using a canopy analyser was found an appropriate method for the most dense spruce canopies (7.9 ~ 8.2).
The presented results support the hypothesis of strong relationship between LAI and defoliation of stand. Therefore, in conclusion, LAI can be estimated more objectively rather by an indirect method than rough ocular estimation of defoliation degree. LAI appears valuable parameter for evaluation of health status of a stand. Currently innovated instrument ALAI-02D (Pokorný et al. 2001 ) has a potential to unify and objectivize LAI estimation and then health status evaluation of Norway spruce forest stands widely in a forest practice. 
